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A highly absorbent, flexible and resilient sheet comprising a non-defibrated cellulosic pulp board containing 
effective amounts of debonding agent and cross-linked cellulosic fibers (16)^ well-suited for use as an absorbent component 
of a disposable, absorbent product such as a sanitary napkin, a diaper, an incontinence pad, an adult brief, a wound 
ressing and the like. The invention also extends to a method for manufacturing the fluid-absorbent sheet, to a disposable 
absorbent product utilizing the fluid-absorbent sheet and to a method for enhancing the resiliency, fluid-absorbency and 
flexibility of a non-defibrated cellulosic pulp board. 
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TITLE; FLEXIBLE ABSORBENT SHEET 

FIELD OF THE INVENTION 

The invention relates to the art of 
manufacturing structures for absorbing body exudate. 
5 More specifically, the invention relates to a highly 

absorbent, flexible and resilient, non-def ibrated 
cellulosic board providing a soft, fluid-absorbent 
component, well-suited for use in disposable absorbent 
products such as sanitary napkins, tampons, diapers, 

10 incontinence pads, adult briefs, wound dressings and 

the like. The invention also extends to a method for 
manufacturing the non-def ibrated cellulosic board, to 
a disposable absorbent product utilizing the cellulosic 
board and to a method for enhancing the resiliency, 

15 fluid-absorbency and flexibility of a non-def ibrated 

cellulosic board. 

BACKGROUND OF THE INVENTION 

20 Many disposable absorbent articles use absorbent 

cores made primarily of cellulosic pulp fluff material. 
Such cores are generally soft, flexible and absorbent 
but tend to be bulky and thick and have poor wicking 
properties. In addition, cellulosic pulp fluff 

25 material has poor structural stability which may cause 

the absorbent core to collapse when saturated with 
fluid. . 

An absorbent structure that has poor wicking 
30 properties may increase the likelihood of failure of 

the absorbent product to hold and contain body fluids. 
Body exudate will be localized to a certain area of a 
poorly wicking absorbent core, causing saturation in 
such area whereby excess fluid may overflow through an 
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external surface of the absorbent product. This 
overflow may contact the user's garment and cause 
stains or contact the use^s body and cause wet 
discomfort or rash. It is therefore desirable to 
5 provide an absorbent core for disposable absorbent 

articles which can wick away body fluids from the point 
of contact with the absorbent core and spread it 
through the absorbent core to more efficiently utilize 
the entire surface area of the absorbent core. The 

10 improved wicking properties of such an absorbent core 

provide the capacity for fluids to travel by capillary 
pressure throughout the surface area of the absorbent 
core and thus permit the use of thinner cores, since 
more absorbent volume can be made available for 

15 absorbing body fluids by such wicking action. Thinner 

absorbent cores may prove to be more comfortable for 
the user and less unsightly or obvious when worn under 
clothes . 

20 Absorbent cores with excellent wicking 

properties comprising peat moss and wood pulp composite 
materials cure described, for example, in the following 
U.S. patents: 



PATENT # 


INVENTOR fs) 


DATE OP ISSUE 


4,170,515 


Lalancette et al. 


October 9, 1979 


4,215,692 


Levesque 


August 5, 1980 


4,226,237 


Levesque 


October 7, 1980 


4,305,393 


Nguyen 


December 15, 1981 


4,473,440 


Ovans 


September 25, 1984 


4,507,122 


Levesque 


March 26, 1985 


4,618,496 


Brasseur 


October 21, 1986 


4,676,871 


Cadieux et al. 


June 30, 1987 


4,992,324 


Dube 


February 12, 1991 


5,053,029 


Yang 


October 1, 1991 
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The subject matter of these patents is 
incorporated herein by reference. 

In accordance with the teaching of these 
5 patents, an absorbent structure comprising peat moss as 

a primary absorbent component is formed as a sheet by 
air or vet laying of fibers. The sheet is calendered 
to obtain a relatively thin, i.e. from about 0.025 to 
0.25 centimeters (cm) thick and relatively dense , i.e. 
10 from about 0.2 to 1.0 grams per cubic centimeter (g/cc) 

structure. Such absorbent peat moss sheet may be 
processed to increase its flexibility for enhancing its 
comfort potential by subjecting the sheet to mechanical 
tenderizing such as by a perf -embossing process. 

15 

The peat moss sheet thus formed has a large 
proportion of extremely tiny pores and capillaries 
which allow the sheet to absorb and retain an enormous 
capacity of fluid. The peat moss pores swell as they 
20 absorb fluid, however, this swelling does not cause a 

loss of capacity for further absorbing fluid. Rather, 
the swelling contributes to the ability of the sheet to 
retain fluid while generally maintaining the structural 
integrity of the absorbent structure in use. 

25 

The wicking properties of the above-described 
peat moss sheet provide the ability for the sheet to be 
highly absorbent while remaining relatively thin. 

30 While peat moss sheets make excellent absorbent 

and wicking cores for disposable absorbent products, 
they cannot be economically produced in areas which 
lack the critical raw material, i.e. peat moss or 
sphagnum moss of desirable age, structure and moisture 

35 content. Therefore, there exists a need to provide a 

thin, highly absorbent and wicking material suitable 
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for manufacturing absorbent cores for disposable 
absorbent articles, which forms an acceptable 
substitute to peat moss material. 

5 Attempts to utilize other cellulosic materials 

such as Kraft wood pulp boards as absorbent cores have 
not been successful because they tend not to have as 
much absorbent capacity as peat moss composite sheets 
but more importantly, Kraft wood pulp boards cannot be 

10 sufficiently softened for their intended use. While 

the flexibility and other characteristics of such Kraft 
wood pulp boards may be improved by perf-embossing, 
such products still do not provide a desirable 
combination of absorption capacity, fluid penetration 

15 rate, wicking rate and most importantly a sufficient 

degree of flexibility for optimal use in disposable 
absorbent products. 



20 



OBJECTS O P THE INVENTION 



It is, therefore, an object of the present 
invention to provide a fluid-absorbent cellulosic sheet 
which does not utilize peat moss as a primary absorbent 
medium, yet it has a sufficient absorption capacity as 

25 well as a relatively short fluid acceptance time, and 

possesses good flexibility and resiliency for use in 
disposable absorbent articles, particularly for 
sanitary usage. Optimal flexibility of such products 
requires that the product be comfortably soft and 

30 flexible to the wearer but stiff and strong enough to 

withstand bunching and breakage when subjected to 
mechanical stress in a dry and in a wet state. 

Another object of the invention is to provide a 
35 method for manufacturing the aforementioned fluid- 

absorbent cellulosic sheet. 
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Another object of the invention is to provide a 
disposable absorbent product which uses the 
aforementioned cellulosic sheet in a primary absorbent 
5 component thereof* 

Yet, another object of the invention is a method 
for enhancing the flexibility, resiliency and fluid- 
absorbency characteristics of fibrous cellulosic 
10 material. 

SUMMARY OF THE INVENTION 

Traditionally, cellulosic pulp fluff has been 
15 manufactured by subjecting a dense cellulosic pulp 

board to intense mechanical working for rupturing the 
physical interfiber bonds to form a fibrous network 
having a high void volume, the so-called "fluff". This 
operation is commonly referred to as "def ibration" and 
20 it is performed with a grinding mill or with any other 

suitable defibrator. An important economic factor in 
any process to convert cellulosic pulp boards into 
fluff material is the energy cost for operating the 
defibrator. It is generally accepted that regardless 
25 of the kind of equipment used for the conversion, the 

cost of energy is a significant factor in the overall 
conversion expenditure. 

To reduce the energy consumption of a 
30 defibrator, it is common practise to incorporate in the 

cellulosic pulp board a debonding agent which acts to 
reduce the forces uniting the cellulosic fibers. As a 
result, less energy is required to defibrate the 
cellulosic pulp board. The most popular and widely 
35 used debonding agents which are commercially available 

from various sources axe based on quaternary ammonium 
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compounds. Canadian patent 1,152,710 granted to 
Kimberly-Clark Corporation on August 30, 1983, 
describes a debonder of this class. Debonding agents 
are also described and disclosed in U.S. patent 
4,482,429, U.S. patent 3,972,855, U.S. patent 4,144,122 
and U.S. patent 4,432,833. The entire disclosure of 
these references is hereby incorporated by reference. 

It has also been suggested in the past to 
subject a cellulosic pulp board including debonding to 
perf-emboss to reduce the stiffness of the board to 
acceptable levels for use as an absorbent core in a 
disposable absorbent product. The combination of 
debonding agent and perf-embossing increases the 
absorption and flexibility of the cellulosic pulp 
board. 

As a substitute to chemical debonding agents, 
it has been suggested to introduce in the cellulosic 
pulp board cross-linked cellulosic fibers providing a 
high-bulk, resilient structure acting to maintain a 
certain spacing between the fibers of the cellulosic 
material, to achieve a reduction in the cohesiveness of 
the fibrous network. As an example, the United States 
patent number 4,853,086 granted to Weyerhaueser Company 
on August 1, 1989 describes a method for manufacturing 
such cross-linked cellulosic fibers. In essence, the 
method consists of spraying a wet or partially dried 
web of cellulosic fibers with an aqueous solution of a 
glycol and dialdehyde. 

The present inventors have made the unexpected 
discovery that by incorporating a debonding agent (for 
the purpose of this specification "debonding agent" 
should be construed to include any agency acting 
chemically on the cellulose fibers to reduce the 



20 



25 



30 
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incidence of hydrogen bonding between the fibers) and 
cross-linked cellulosic fibers into a board of 
cellulosic fibrous material, a synergy effect develops , 
vastly improving the resiliency, flexibility and fluid- 
5 absorbency (for the purpose of this specification, 

"fluid-absorbency" shall solely mean the ability of a 
body to take-up fluid, regardless of how fluid- 
retentive the body is. For example, the transfer layer 
of a compound absorbent structure provided to meter 

10 fluid to a reservoir layer, will be described as fluid- 

absorbent although it has a relatively poor fluid 
retentivity) of the board, providing a soft, resilient 
and highly absorbent sheet that may be used in a non- 
defibrated form (for the purpose of this specification, 

15 »non-defibrated w shall mean the absence of a fluffed 

condition. More specifically, this expression would 
describe a fibrous material formed as a dense, non- 
fluffed product which has not been subjected to any 
mechanical treatment for the purpose of separating the 

20 material in its fibrous constituents. This expression 

would also describe fluffed fibrous material which has 
been converted to a non-fluffed form) as an absorbent 
component for disposable absorbent products such as 
sanitary napkins, diapers, adult briefs, incontinence 

25 pads, wound dressing and the like. A particularly 

significant advantage of this absorbent structure 
resides in that no defibration is required, which 
considerably reduces the manufacturing cost of the 
absorbent structure. 

The debonding agent cooperates with the cross- 
linked cellulosic fibers to relax the fibrous network 
of the cellulosic material. A possible explanation of 
this synergistic action, which is provided herein 
35 without any intent of limiting the scope of the 

invention to a specific theory, is that the debonding 
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agent acts to weaken the interfiber bonds of the 
cellulosic fibrous material, while the cross-linked 
cellulosic fibers provide, by virtue of their inherent 
resiliency, an expansion force pushing the fibers away 
5 from one another. The resulting fibrous network has a 

void volume which is high enough to provide an 
excellent fluid-absorption capacity and a high fluid- 
acceptance rate, while remaining below the level beyond 
which the structural integrity of the fluid-absorbent 

10 sheet is compromised in use. The increase in the 

interfiber distances also provides the fibrous network 
with the ability to flex under low effort and to return 
to its original configuration upon cessation of the 
deformation effort. These characteristics provide 

15 increased comfort potential allowing the non-def ibrated 

cellulosic board to be used as an absorbent component 
in disposable absorbent products for use next to the 
body. 

20 In a preferred embodiment, the non-def ibrated 

cellulosic board comprises cross-linked, fibrous 
cellulosic material in the range from about 20 to about 
80 percent based on the weight of de-moisturized 
cellulose in the board. The debonding agent is present 

25 in the non-defibrated cellulosic board in the range 

from about 0.05 to about 5 percent based on the weight 
of the de-moisturized board. 

Preferably, the non-defibrated cellulosic board 
30 is mechanically tenderized by perf -embossing in order 

to enhance its comfort potential. 

The starting material for manufacturing the non- 
defibrated cellulosic board is preferably selected from 
35 the group consisting of sulfate, sulfite, debonded, 

bleached or unbleached wood pulp, thermo-mechanical 
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pulp, chemical thermal mechanical pulp # ground wood, 
cotton 1 inters and mixtures thereof. 

As embodied and broadly described herein, the 
5 invention further provides a method for manufacturing 

a resilient and flexible, fluid-absorbent sheet, 
comprising the step of incorporating into a non- 
defibrated board of cellulosic fibrous material 
effective amounts of cross-linked cellulosic fibers and 
10 debonding agent. 

In a preferred embodiment, the cross-linked 
cellulosic fibers are added to an aqueous slurry of 
cellulosic pulp which has been pre-treated with 
15 debonding agent. The slurry is then formed into a web 

and dewatered to obtain the non-defibrated cellulosic 
board. 

As embodied and broadly described herein, the 
20 invention also provides a method for increasing the 

resiliency, flexibility and fluid-absorbency of a non- 
defibrated board of cellulosic fibrous material, 
comprising the step of incorporating in the cellulosic 
; board effective amounts of debonding agent and cross- 
25 linked cellulosic fibers. 

As embodied and broadly described herein, the 
invention also provides a disposable, laminated, fluid 
absorbent product such as a sanitary napkin, a diaper, 
30 an adult brief, an incontinence pad, a wound dressing 

and the like, comprising: 

a) a fluid-permeable cover layer; 

b) a liquid-impervious backing layer spaced 
apart from said fluid-permeable cover layer; and 

35 c) an absorbent component between the layers, 

the absorbent component comprising a non-defibrated 



SUBSTITUTE SHEET 



WO 93/01730 



10 



PCT/CA92/00307 



10 



30 



board of cellulosic fibrous material containing 
effective amounts of debonding agent and cross-linked 
cellulosic fibers. 

The non-defibrated cellulosic board according 
to the invention may also be utilized in other 
absorbent products such as inserts for tampons, or as 
desiccants for use in packaging materials to keep goods 
dry during shipping or storage. 

BRIEF DESCRIPTION OF THE DRAWINGS 



- Figure 1 is an idealized perspective view at 
the fiber level of a non-defibrated cellulosic pulp 

15 board in raw form, i.e. free of agents that hinder the 

hydrogen bonding between the cellulosic fibers; 

- Figure 2 illustrates the network of the 
cellulosic pulp board of Figure 1 in which cross- 

20 linked cellulosic fibers have been incorporated; 

- Figure 3 is an idealized view of the fibrous 
network shown in Figure 2 in which a debonding agent 
has been incorporated; 

25 

- Figure 4 is a graphic illustration of the 
perf-embossing operation for tenderizing the non- 
defibrated cellulosic board in accordance with the 
invention; 

- Figure 5 is a vertical cross-sectional view 
of the perforation rolls which constitute the first 
stage of the perf-embossing treatment; 

35 - Figure 6 is a fragmentary front elevational 

view of the perforation rolls shown in Figure 6, the 
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non-defibrated cellulosic board to be treated being 
omitted for illustrating the interrelation between the 
perforation teeth of the rolls; 

5 - Figure 7 is a vertical cross-sectional view 

of the cross-direction embossing rolls which constitute 
the second stage of the per f -embossing treatment; 

- Figure 8 is a top view of one of the cross- 
10 direction embossing roll, also showing the resulting 

embossing pattern created on the non-defibrated 
cellulosic board; ■ 

- Figure 9 is a vertical cross-sectional view 
15 of the machine-direction embossing rolls which 

constitute the third and last stage of the perf- 
embossing treatment; 

- Figure 10 is a top view of one of the machine- 
20 direction embossing rolls , also showing the resulting 

embossing pattern created on the non-defibrated 
cellulosic board; 

- Figure 11 is a schematical representation of 
25 a gravimetric absorbency test system (GATS) ; 

- Figure 12 is a perspective view of a set-up 
for conducting a drying power test procedure; 

30 - Figure 13 is a perspective view of a set-up 

for conducting a 45° impact capacity test procedure; 
and 

- Figure 14 is a fragmentary/ perspective view 
35 of a sanitary napkin incorporating the non-defibrated 

cellulosic board according to the invention. 
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DESCRIPTION OP A PREFERRED EMBO DIMENT 

Figure 1 is an idealized, perspective view on a 
highly enlarged scale of the fibrous network 10 of a 
non-defibrated cellulosic pulp board in raw form. It 
should be understood that this representation is solely 
for illustrative purposes and it does not necessarily 
conform to the true material structure of the 
cellulosic pulp board. 



The fibrous network 10 is composed of individual 
cellulosic fibers 12 which are randomly oriented and 
are united to one another by hydrogen bonding. The 
fibers 12 form a highly dense and cohesive network with 

15 only a limited amount of void volume therebetween. 

This translates into poor fluid-absorption properties 
and into a rigid, relatively non-conformable structure, 
making the cellulosic pulp board unsuitable for use as 
an absorbent layer in a disposable absorbent product, 

20 particularly for sanitary usage. 

In order to reduce the cohesiveness of the 
fibrous network 10, primarily for facilitating its 
mechanical defibration, the prior art teaches to 
25 incorporate in the fibrous network 10 cross-linked 

cellulosic fibers providing a high-bulk, resilient 
structure which functions to physically space the 
fibers 12 from one another. 

30 Figure 2 illustrates schematically the fibrous 

network 14 of a non-defibrated cellulosic pulp board 
containing cross-linked cellulosic fibers 16. The 
cross-linked fibers 16, forming a space frame-like 
structure are uniformly interspersed with the fibers 12 

35 and, by virtue of their inherent resiliency, push to 

some degree the fibers 12 away from one another. 
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However, it is believed that the hydrogen bonding 
between the fibers 12 remains very strong and greatly 
overwhelms the resistance to deformation of the cross- 
linked cellulosic fibers 16. As a result , the space 
5 frame-like structure is in a virtually collapsed 

condition, achieving only a limited reduction in 
cohesiveness of the fibrous network 14. The reduction 
in structural integrity of the fibrous network 14 
considerably reduces the energy required to 
10 mechanically defibrate it, however, it does not 

sufficiently improve its f luid-absorbency, resiliency 
and flexibility to allow the fibrous network 14 to be 
advantageously used as an absorbent component in a 
disposable absorbent product for sanitary usage. 

15 

Figure 3 illustrates a non-def ibrated cellulosic 
pulp board treated with a debonding agent and 
containing cross-linked cellulosic fibers 16. It is 
apparent that the fibrous network 18 is considerably 

20 more relaxed than the fibrous network 14, exhibiting 

comparatively large interfiber distances which 
translate into a higher void volume and in an increased 
overall bulk. The significant improvement in bulking 
by comparison to the fibrous network 14 shown in Figure 

25 2 is believed to be donnated by the debonding agent 

which inhibits the hydrogen bonding between the fibers, 
reducing the forces normally collapsing the space 
frame-like structure formed by the cross-linked 
cellulosic fibers 16. As a result, the space frame- 

30 like structure expands in all directions the entire 

fibrous network. 

The fibrous network 18 is highly advantageous 
for use in a non-def ibrated form as an absorbent 
35 component for a disposable absorbent product such as a 

sanitary napkin, a diaper, an incontinence pad, an 



SUBSTITUTE SHEET. 



WO 93/01730 PCT/CA92/00307 

i 

- 14 - 



adult brief, a wound dressing and the like. It offers 
exceptional fluid absorption properties such as a good 
capacity and a high fluid-acceptance rate as well as 
good wicking characteristics. In addition, it has an 
5 excellent comfort potential because it is soft and 

flexible, providing an absorbent product which is 
highly conformable to the area of the body to which it 
is intended to be applied, thus providing good 
gasketing properties, i.e. the ability to conform to 

10 the surface of the body and form a leak-proof seal. In 

addition, the fibrous network 18 is capable to maintain 
its structural integrity in the dry and in the wet 
states. Further, its degree of collapse upon taking- 
up fluid is relatively small, thereby providing a good 

15 structural integrity when soaked with fluid. 

Some fluid-absorbency characteristics of the 
fibrous network 18 may be tailored according to the 
intended application by varying the density of the 

20 fibrous network 18. For example, by decreasing the 

density of the fibrous network 18 , the fluid-acceptance 
rate increases at the expense of a reduction of the 
fluid retentivity. Such a structure would be suitable 
as a transfer layer in a compound absorbent component 

25 for metering fluid to a reservoir layer. Conversely, 

an increased density will favour the fluid-absorbency 
requirements for a reservoir layer. For a single layer 
absorbent structure, the density is selected to provide 
the necessary balance between the various f luid- 

30 absorbency characteristics. 

A non-defibrated cellulosic board according to 
the invention is manufactured by incorporating into an 
aqueous slurry of cellulosic wood pulp material pre- 
35 treated with debonding agent the cross-linked 

cellulosic fibers. The percentage of cross-linked 
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cellulosic fibers in the slurry is in the range from 
about 20 to about 80 percent based on the weight of de- 
moisturized cellulose in the slurry*, 

5 The method for manufacturing the cross-linked 

cellulosic fibers 16 will not be described herein 
because this technology is veil documented in the 
patent literature. For example, U.S. patent 4,853,086 
discloses a process for manufacturing the cross-linked 
10 cellulosic fibers by spraying a wet or a partially 

dried cellulosic fibrous web with an aqueous solution 
of a glycol and dialdehyde. The entire disclosure of 
this patent is incorporated herein by reference. 

15 Cellulosic wood pulp material treated with 

debonding agent is a commercially available product, 
which can be obtained for example from the Weyerhaeuser 
Company under the name NBFA. This product is 
essentially Kraft wood pulp fibers incorporating a 

20 BER0CELL 584 brand debonding agent (commercially 

available from the Berol Chemie Company) in the range 
from about 0.3 to about 0.45 percent by weight of the 
de-moisturized product, and formed into a board by wet 
; laying. - 

25 

It is also possible to use untreated cellulosic 
wood pulp material, either in a defibrated or in a non- 
def ibrated condition which is treated with debonding 
agent on site before the preparation of the aqueous 

30 slurry. The amount .of debonding agent added to the 

cellulosic wood pulp material is selected so that in 
the non-def ibrated cellulosic board (including the 
cross-linked cellulosic fibers) the debonding agent is 
present in the range from about 0.05 to about 5 percent 

35 by weight of the de-moisturized board. A hydrophilic 

debonder, has been found satisfactory. (By 
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"hydrophilic debonder" is meant a debonding agent that 
preserves the hydrophilic nature of the cellulosic 
material) . 

5 The cellulosic wood pulp material treated with 

the selected debonding agent is converted to slurry by 
simple dispersion in water. The desired amount of 
cross-linked cellulosic fibers is added to the slurry 
and the process is completed by sheeting the aqueous 

10 slurry to form a web and by dewatering the web to form 

the non-defibrated cellulosic board. The last two 
operations are performed in accordance with 
conventional techniques for manufacturing wet-laid 
cellulosic boards, therefore a detailed description of 

15 these steps is not deemed necessary. 

The dewatered web is subjected to a calendering 
operation in order to control the density of the final 
product. The calendering operation increases the 

20 density of the non-defibrated cellulosic board to 

enhance its fluid-retentivity and wicking power. As 
previously mentioned, by varying the density of the 
non-defibrated cellulosic board its fluid-absorbency 
characteristics can be tailored to suit specific 

25 applications . 

The starting material which is to be treated 
with debonding agent for making the slurry of 
cellulosic material is selected from the group 
30 consisting of sulfate, sulfite, debonded, bleached or 

unbleached wood pulp, thermo-mechanical pulp, chemical 
thermal mechanical pulp, ground wood, cotton linters 
and mixtures thereof. 



35 



In order to further tenderize, soften and 
improve the flexibility of the non-defibrated 
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cellulosic board , it is subjected to mechanical 
tenderizing by perf -embossing. 

The mechanical tenderizing operation is 
graphically depicted in Figure 4. Generally stated, 
the perf-embossing technique first perforates the non- 
defibrated cellulosic board, then sequentially embosses 
the resulting material in the Y (cross-direction) and 
X (machine direction) . 



The "PERF" operation (first step) , best 
illustrated in Figures 4, 5 and 6, is performed by 
passing the non-def ibrated cellulosic board between a 
pair of rolls 24 and 26 provided with intermeshing and 

15 non-contacting teeth 28 perforating the material by 

shearing action to open-up its structure. The teeth 28 
on the companion rolls 24,26 are so arranged that tooth 
28a on top roll 24 is off-center the inter-teeth void 
defined between adjacent and axially aligned teeth 28b 

20 and 28c. The shearing action actually occurs between 

teeth 28a, 28c during intermeshing, locally perforating 
the non-def ibrated cellulosic board. 

In a preferred embodiment, the interference i.e. 
25 the overlap between the teeth 28 of the perforating 

rolls 24 and 26 is set at approximately 1.27 
millimeters (mm) . This setting may vary according to 
the thickness of the processed material and other 
factors. 

30 

The second step of the perf -embossing operation 
consists of embossing the perforated, non-def ibrated 
cellulosic board in the cross-direction by passing the 
board between a pair of rolls 30,32 with intermeshing 
35 longitudinally extending flutes 34. Figures 7 and 8 

best illustrate the cross-direction embossing rolls 30 
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and 32 and the structure imparted to the non-defibrated 
cellulosic board. The flutes 34 imprint lines 35 on 
each surface of the material by locally compacting the 
material under the effect of mechanical compression. 

5 

In a preferred embodiment, the interference, 
i.e. the overlap between the flutes 34 of the rolls 
30,32 is set at approximately 0.89 mm. This setting 
may vary according to the specific operating 
10 conditions. 

The last step of the perf-embossing operation 
consists in embossing the resulting material in the 
machine direction by passing the web between parallel 
15 rolls 36,38 having circumferentially extending and 

intermeshing flutes 40, as best shown in Figures 9 and 
10. This means a perpendicular impact to the second 
step operation, creating longitudinal lines 41. 

20 In a preferred embodiment, the interference 

between the machine direction embossing rolls 36,38 is 
set at 0.76 mm. This setting may vary according to the 
specific operating conditions. 

25 The perf-embossing treatment contributes to 

provide desirable mechanical properties to the non- 
defibrated cellulosic board, such as an increased 
flexibility enhancing the comfort potential of the 
product. The slits made at the perforation stage 

30 contribute to open-up the fibrous structure at precise 

locations, thus locally disrupting fiber bonds to 
render the material more pliable. The lines 35 and 41 
constitute miniature hinges, extending throughout the 
entire surface of the non-defibrated cellulosic board 

35 to render the material more compliant in a transverse 

and in a longitudinal direction. 
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An alternative to the perf-embossing technique 
is the microcorrugating operation which is similar to 
the perf-embossing except that no perforations are 
performed. The fluid-absorbent structure is solely 
5 subjected to an embossing operation to create closely 

spaced hinge lines. The microcorrugating operation is 
described in U.S. patents granted to Personal Product 
Company, numbers 4,596,567 and 4 , 559, 050 , issued on 
June 24, 1986 and December 17, 1988, respectively. 

10 

The invention will now be illustrated by 
examples. The examples are not intended to be limiting 
of the scope of the present invention but read in 
conjunction with a detailed and general description 
15 above provide a further understanding of the present 

invention. 

The physical and the f luid-absorbency 
characteristics of the sample materials obtained by the 
20 following examples are reported in the section entitled 

"EXPERIMENTAL DATA". The various test procedures to 
which the sample materials have been subjected for the 
purpose of characterization sure described in the 
section entitled "TEST PROCEDURES". 

25 

Example 1 

Kraft wood pulp treated with debonding agent 
which is commercially available from the Weyerhaeuser 
30 Company under the name NBFA is dispersed in water to 

form a slurry. 

Cross-linked cellulosic fibers are prepared in 
accordance with the teaching of the U.S. patent 
35 4,853,086, mentioned earlier. The cross-linked 

cellulosic fibers are added to the slurry in a 
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proportion of 25% by weight of de-moisturized cellulose 
in the slurry. The slurry is de-watered on a 
foraminous plate and the resulting web is dried, 
calendered at 4027 Newtons per centimeter (N/cm) and 
tenderized by the perf-embossing technique described 
earlier. 



Example 2 

The same procedure set forth in example 1 is 
followed except that the proportion of cross-linked 
cellulosic fibers in the aqueous slurry is increased to 
50% by weight of de-moisturized cellulose in the 
slurry. 

Example 3 



The same procedure set forth in example 1 is 
followed except that the proportion of cross-linked 
20 cellulosic fibers in the aqueous slurry is increased to 

75% by weight of de-moisturized cellulose in the 
slurry. 



25 



Example 4 

The same procedure set forth in example 1 is 
followed except that the perf-embossing operation of 
the non-defibrated cellulosic board is omitted. 



30 ■ Example 5 

The same procedure set forth in example 4 is 
followed except that the proportion of cross-linked 
cellulosic fibers in the aqueous slurry is increased to 
35 50% by weight of de-moisturized cellulose in the 

slurry. 
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Example 6 

The same procedure set forth in example 4 is 
followed except that the proportion of cross-linked 
cellulosic fibers in the aqueous slurry is increased to 
75% by weight of de-moisturized cellulose in the 
slurry. 

Example 7 

The same procedure as set forth in example 1 is 
followed except that the calendering and the perf- 
embossing operations are omitted. 

15 Example 8 

The same procedure set forth in example 7 is 
followed except that the proportion of cross-linked 
cellulosic fibers in the aqueous slurry is increased to 
20 50% by weight of de-moisturized cellulose in the 

slurry. 

Example 9 

25 The same procedure set forth in example 7 is 

followed except that the proportion of cross-linked 
cellulosic fibers in the aqueous slurry is increased to 
75% by weight of de-moisturized cellulose in the 
slurry. 

30 

In order to provide a basis for comparison of 
the fluid absorption properties of the sample materials 
under examples 1 to 9, three control samples are 
provided which have a composition in accordance with 
35 the prior art. 
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CONTROL 1 

A slurry of 100% NBFA brand Kraft wood pulp is 
prepared. The slurry is sheeted, dried, calendered at 
5 4027 N/cm and perf -embossed . 



L_2 



The same procedure as set forth in Control 1 is 
10 followed except that the perf -embossing is omitted. 

CONTROL 3 

The same procedure as set forth in Control 1 is 
15 followed except that the calendering and the perf- 

embossing are omited. 

The materials of examples 1 to 9 and of the 
controls 1 to 3 are tested to assess the following 
2 0 characteristics : 

a) absorbent capacity (expressed in cubic 
centimeters per gram [cc/g]) by the gravimetric 
absorbency test system (GATS) at three different 

25 pressures (identified by GATS1, GATS2, and GATS3 

in the following table) applied on the sample; 

b) drying power (expressed in cc/g) ; 

30 c) 45° impact capacity (expressed in percentage); 

d) tensile strength (expressed in Newtons per 
centimeter [N/cm] ) ; 

35 e) density (expressed in grams per cubic centimeter 

[g/cc]) . 
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KXPKKTMKNTaL DATA 



45% 

DRYING IMPACT TENSILE 

Exaaples GATS 1 GATS 2 GATS 3 POWER CAPACITY STRENGTH DENS ITT 

<cc/g) <cc/g) <cc/g) <cc/g) (%) (N/cm) <g/cc) 



1 
2 
3 
4 
5 
6 
7 
8 
9 



7.6 4.9 



7.5 



9.1 



6.8 



9.2 5.1 7.7 5.9 



10.1 5.5 8.5 7.6 



6.6 4.5 6.2 6.7 



4.8 6.9 7.8 



8.3 7.8 



8.3 6.3 7.9 8.7 



9.4 6.9 8.9 9.4 



11.9 



7.3 10.6 9.7 



77 
93 
92 
69 
73 
86 
86 
84 
97 



1.82 0.164 

0.91 0.137 

0.18 0.129 

8.77 0.331 

4.67 0.272 

1.45 0.223 

7.63 0.107 

4.36 0.083 

1.09 0.075 



Control 1 



Control 2 



6.9 



4.8 6.1 3.3 



5.6 4.0 5.0 7.7 



78 



60 



0.56 0.166 



10.33 0.251 



Control 3 



6.5 



4.9 6.3 7.9 



66 



10.92 0.142 
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DESCRIPTION OP TEST 
PROCEDURES 



GATS 1 
Purpose; 



10 



Test Procedures 



15 



20 



25 



30 



Test Fluid: 



To determine the ultimate fluid 
absorption capacity of a sheeted 
material under light pressure. 

With reference to Figure 11 , the 
sample is deposited on a porous 
plate in fluid communication with 
a reservoir whose weight is 
continuously measured by an 
electronic balance. A uniform 
pressure of 0.069 kiloPascals 
(kPa) is applied on the sample. 
The amount (volume) of fluid 
absorbed by the sample from the 
reservoir via the porous plate 
after 15 minutes is recorded and 
divided by the weight of the 
sample to normalize the capacity 
per unit of mass of the sample. 
An apparatus for automatically 
performing this test is 
commercially available from M/K 
Systems Inc. 

.1% NaCl solution. 



GATS 2 
Purpose; 



35 



To determine the ultimate 
absorbent capacity of a sheeted 
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material under a significant 
pressure. 



Test Procedure: 



10 



15 



The same set-up as the test GATS1 
is used. Upon completion of the 
test 6ATS1, when the sample is 
fully loaded with fluid, the 
pressure on the sample is 
increased to 3.448 kPa. The 
amount of fluid remaining in the 
sample is calculated by 
determining the amount of reverse 
flow toward the reservoir, and 
normalized per unit of mass of 
the sample. 



20 



Test Fluid: 
GATS 3 
Purpose: 



1% NaCl solution. 



To determine the resiliency of a 
sheeted material which is loaded 
with fluid. 



25 



Test Procedure: 



30 



35 



The same set-up as the test GATS2 
is used. Upon completion of the 
test GATS2, the amount of 
pressure on the sample is reduced 
to 0.069 kPa. The amount of 
- fluid re-absorbed by the sample 
is measured and normalized per 
unit of mass of the sample. The 
resulting value is an indication 
of the normalized internal volume 
re-acquired by the sample as a 
result of the pressure decrease 
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which provides an indication of 
the resiliency of the sample in 
a wet state. 



nRVTMG POWER 
Purpose; 



10 



Test procedure: 



15 



20 



25 



30 



Teat Fluid; 



To determine the dewatering 
ability or the desorbing power of 
an absorbent material by 
capillary migration of a test 
fluid away from an impact zone. 

With reference to Fig. 12, a pad 
of pulp fluff of 5 cm x 5 cm 
having a basis weight of 120 g/m» 
is deposited on the extremity of 
a strip of the sample material 
whose dimensions are of 5 cm x 18 
cm. A volume of test liquid 
equivalent to 3 cc/g based on the 
weight of the strip of sample 
material is discharged on the pad 
of pulp fluff. The amount of 
fluid retained in the pad of pulp 
fluff after 30 minutes is 
determined by weight difference 
of the pulp fluff pad at the 
beginning and at the end of the 
test and normalized per unit of 
.mass of the pulp fluff pad. 

1% NaCl solution. 



45° IMPACT CAPACITY 



35 
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Purpose ; 



To determine the fluid retention 
capacity of an absorbent material 
by measuring its ability to 
accept and retain a finite 
discharge of fluid at an inclined 
plane. 



Test procedure : 



10 



15 



20 



25 



Test fluid ; 



With reference to Figure 13 , the 
impact capacity of a 10 cm x 18 
cm sample is measured by weighing 
the amount of fluid that is 
retained in the sample placed on 
a 45° inclined plane, on which an 
amount of test fluid 
corresponding to ten times the 
sample weight has been released 
from an overhanging burette. The 
burette barely touches the sample 
at a point approximately 6.5 cm 
away from its upper extremity. 
The amount of fluid retained in 
the sample is expressed in terms 
of percentage of the total amount 
of fluid delivered. 

1% NaCl solution 



TENSILE STRENGTH 



30 



Purpose : 



To determine the structural 
strength of the absorbent 
material by measuring the force 
required to rupture the sample. 



35 



Test procedure : 



The tensile strength is measured 
by recording the force required 
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to rupture a 2.5 cm wide sample 
placed between two jaws 7.6 cm 
apart and moving apart at a 
continuous rate. 

5 

DENSITY 

To determine the density of an 
absorbent material under a 
predetermined pressure. 

Test procedure : The density is obtained by 

measuring the weight of the 
sample and dividing it by its 
volume (thickness X area of 
sample) . 



Purpose ; 

10 



THICKNESS 

20 Purpose: To measure the thickness of an 

absorbent material for 
determining its density. 



Test procedure : 1) Non-def ibrated and non- 
tenderized board: The thickness 
of the board material is measured 
with a TMI thickness gauge at 
48.26 kPa with a 1.59 cm diameter 
foot (TAPPI standard T411 0S- 
76) ; 

2) Non-def ibrated tenderized board: 
The thickness of the sample is 
measured at 0.345 kPa with a 
compressometer using a 5.1 cm 
diameter foot (ASTM D-1777) . 
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Figure 14 illustrates a sanitary napkin 
incorporating the non-def ibrated cellulosic board 
according to the invention. The sanitary napkin, 
5 designated comprehensively by the reference numeral 42, 
comprises an envelope 44 defining an internal space 
receiving an absorbent component 46. The envelope 44 
includes a fluid-permeable cover layer 48 made of non- 
voven fabric or any other suitable porous web, and a 
10 liquid-impervious backing layer SO made of polyethylene 
film, for example. The cover and backing layers 48 and 
50 are heat-sealed to one another along their marginal 
portions. 

15 The absorbent component 46 may have a single or 

a double layer configuration. In the former case, 
depicted in Figure 14, the absorbent component 46 is an 
insert constituted by the non-def ibrated cellulosic 
board according to the invention. In the latter case 

20 (not shown in the drawings) , the absorbent component 

has a top layer, referred to as a transfer layer and a 
bottom layer, designated as a reservoir layer. The 
layers are in a superposed relationship. The non- 
defibrated cellulosic board is particularly suitable 
25 for use as a transfer layer due to its high fluid- 
acceptance rate, coupled in an intimate fluid- 
communicative relationship with a reservoir layer made 
of any suitable highly absorbent and retentive 
material. In a variant, the non-def ibrated cellulosic 
30 board may be adapted for reservoir layer duty or use by 
increasing its density, as previously described. 

To attach the sanitary napkin 42 to the wearer ' s 
underpants, the fluid-impervious backing layer 50 is 
35 provided with adhesive zones covered with a peelable 
backing (not shown in the drawings) . 
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Sanitary napkins constructed in accordance with 
the present invention are found to possess a very high 
fluid-absorption capacity and a comparatively high 
5 fluid-acceptance rate which reduces the risk of failure 
when a large quantity of fluid is suddenly released on 
the sanitary napkin. In addition, the sanitary napkin 
is thin, soft and flexible so as to be comfortable to 
the user and to conform well to the surface of the body 
10 to which it is applied to achieve good gasketing 
effects. 

The scope of the present invention is not 
limited by the description, examples and suggestive 

15 uses herein, as modifications can be made without 
departing from the spirit of the invention. 
Applications of the product and methods of the present 
invention for sanitary and. other health-care uses can 
be accomplished by any sanitary protection, 

20 incontinence, medical and absorbent methods and 
techniques that are presently or prospectively known to 
those skilled in the art. Thus, it is intended that 
the present application covers the modifications and 
variations of this invention provided that they come 

25 within the scope of the appended claims and their 
equivalents. 
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WE CLAIM; 

1. A fluid-absorbent sheet comprising a non- 
defibrated, cellulosic board containing effective 

5 amounts of debonding agent and cross-linked cellulosic 
fibers. 

2. A fluid-absorbent sheet as defined in claim 1, 
wherein said non-def ibrated cellulosic board is 

10 mechanically tenderized to further enhance its 
flexibility. 

3. A fluid-absorbent sheet as defined in claim 2, 
wherein said non-defibrated cellulosic board is 

15 mechanically tenderized by a process selected from the 
group consisting of perf-embossing and 
microcorrugat ing . 

4. A fluid-absorbent sheet as defined in claim 1, 
20 wherein said non-defibrated cellulosic board contains 

cross-linked cellulosic fibers in the range from about 
20 to about 80 percent based on the weight of de- 
moisturized cellulose in said board. 

25 5. A fluid-absorbent sheet as defined in claim 1, 
wherein said cross-linked cellulosic fibers comprise 
cellulosic fibers treated with a solution of a glycol 
and dialdehyde. 

30 6. A fluid-absorbent sheet as defined in claim 1, 
wherein said debonding agent is present in said non- 
defibrated cellulosic board in the range from about 
0.05 to about 5 percent based on the weight of the de- 
moisturized board. 

35 
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7. A fluid-absorbent sheet as defined in claim 1, 
wherein said debonding agent is hydrophilic. 

8. A fluid-absorbent sheet as defined in claim 1, 
wherein said non-defibrated cellulosic board is 
calendered. 

9. A fluid-absorbent sheet as defined in claim 1, 
wherein said non-defibrated cellulosic board includes 
a material selected from the group consisting of 
sulfate, sulfite, debonded, bleached or unbleached wood 
pulp, thermo-mechanical pulp, chemical thermal 
mechanical pulp, ground wood, cotton linters and 
mixtures thereof. 

10. A method for manufacturing a fluid-absorbent, 
resilient and flexible sheet, comprising the step of 
incorporating in a non-defibrated cellulosic board 
effective amounts of cross-linked cellulosic fibers and 
debonding agent. 

11. A method as defined in claim 10, further 
comprising the step of mechanically tenderizing said 
non-defibrated cellulosic board for further enhancing 

25 its flexibility. 

12. A method as defined in claim 11, comprising the 
step of mechanically tenderizing said non-defibrated 
cellulosic board by a process selected from the group 

30 consisting of perf-embossing and microcorrugating. 

13. A method as defined in claim 10, comprising the 
step of incorporating said cross-linked cellulosic 
fibers in said non-defibrated cellulosic board in the 

35 range from about 20 to about 80 percent based on the 
weight of de-moisturized cellulose in said pulp board. 



10 



15 



20 
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14. A method as defined in claim 10, wherein said 
cross-linked cellulosic fibers comprise cellulosic 
fibers treated with a solution of a glycol and 
dialdehyde. 

5 

15. A method as defined in claim 10, comprising the 
step of incorporating said debonding agent in said non- 
defibrated cellulosic board in the range from about 
0.05 to about 5 percent based on the weight of the de- 

10 moisturized board. 

16. A method as defined in claim 10, wherein said 
debonding agent is hydrophilic. 

15 17. A method as defined in claim 10, comprising the 
steps of adding said cross-linked cellulosic fibers to 
a slurry of cellulosic material, forming said slurry 
into a web and de-watering .said web to form said non- 
defibrated cellulosic board. 

20 

18. A method as defined, in claim 17, comprising the 
step of treating said cellulosic material with 
debonding agent prior to forming said slurry. 

25 19. A method as defined in claim 10, comprising the 
step of calendering said non-def ibrated cellulosic 
board. 

20. A method as defined in claim 10, comprising the 
30 step of forming said- non-def ibrated cellulosic board 
from material selected from the group consisting of 
sulfate, sulfite, debonded, bleached or unbleached wood 
pulp, ground wood, cotton linters and mixtures thereof. 

35 21. A method for enhancing the resiliency, 
flexibility and f luid-absorbency of a non-def ibrated 
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cellulosic board, comprising the step of incorporating 
in said non-def ibrated cellulosic board effective 
amounts of debonding agent and cross-linked cellulosic 
fibers. < 

5 

22. A disposable, laminated, fluid-absorbent product 
comprising: 

a) a fluid-permeable cover layer; 

b) a liquid-impervious backing layer in a spaced 
10 apart relationship with said fluid-permeable cover 

layer; and 

c) an absorbent component between said layers, 
said absorbent component comprising a non-def ibrated 
cellulosic board containing effective amounts of 

15 debonding agent and cross-linked cellulosic fibers. 

23. A fluid-absorbent product as defined in claim 
22, wherein said non-def ibrated cellulosic board is 
mechanically tenderized to further enhance its 

20 flexibility. 

24. A fluid-absorbent product as defined in claim 
22, wherein said non-def ibrated cellulosic board is 
mechanically tenderized by a process selected from the 

25 group consisting of per f -embos s ing and micro- 
corrugating. 

25. A fluid-absorbent product as defined in claim 
22, wherein said non-def ibrated cellulosic board 

30 comprises cross-linked cellulosic fibers in the range 
from about 20 to about 80 percent based on the weight 
of de-moisturized cellulose in said board. 

26. A fluid-absorbent product as defined in claim 
35 22, wherein said cross-linked cellulosic fibers 
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comprise cellulosic fibers treated with a solution of 
a glycol and dialdehyde. 

27. A fluid-absorbent product as defined in claim 
5 22 , wherein said debonding agent is present in said 
non-defibrated cellulosic board in the range from about 
0.05 to about 5 percent based on the weight of the de- 
moisturized board. 

10 28. A fluid-absorbent product as defined in claim 
22, wherein said debonding agent is hydrophilic. 

29. A fluid-absorbent product as defined in claim 
22 , wherein said non-def ibrated cellulosic board 

15 includes material selected from the' group consisting of 
sulfate, sulfite, debonded, bleached or unbleached wood 
pulp, thermo-mechanical pulp, chemical thermal 
mechanical pulp, ground yood, cotton linters and 
mixtures thereof. 

20 

30. A fluid-absorbent product as defined in claim 
22, wherein said absorbent component has a unitary 
structure. 

25 31. A fluid-absorbent product as defined in claim 
22, wherein said absorbent component includes a top 
transfer layer and a bottom reservoir layer, said non- 
defibrated cellulosic board constituting either one of 
said transfer and reservoir layers. 

30 

32. A fluid absorbent product as defined in claim 
22, wherein said product is selected from the group 
consisting of sanitary napkin, diaper, incontinence 
pad, adult brief and wound dressing. 

35 
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33. Packaging material comprising the fluid- 
absorbent sheet of claim 1. 

34. Tampon comprising the fluid-absorbent sheet of 
5 claim 1. 
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PULP FLUFF PAD 




SAMPLE MATERIAL 



FIG.12 



BURETTE 



SAMPLE 



INCLINED PLANE 




FIG.13 
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